T uberculosis (TB) in children has received increasing attention during the past decade, and the World Health Organization first estimated the global burden in 2012. In 2014, it announced that there had been 550 000 cases of TB in children aged 0e14 years in 2013, 1 but acknowledged that limitations to case detection meant that this was likely to be an underestimate. 2 While children with TB are not a major source for disease transmission, TB is an important cause of childhood morbidity and mortality in settings where TB is endemic; further, an incident TB case in a young child is an important sentinel indicator of recent transmission in their community. 3, 4 The strategic plan for TB control in Australia recognises the incidence of TB in Australian-born children as a useful indicator for enhanced surveillance in high-risk groups and for monitoring progress in eliminating TB in the Australian-born population. 5, 6 The incidence of TB in Australia has been low and stable for decades, with reported rates of 6.8 and 5.8 cases per 100 000 population for 1990 and 2012 respectively. 6 Recent immigrants from TB-endemic countries account for most cases now detected. 7 Investigations of children from immigrant families have found a high prevalence of infection with Mycobacterium tuberculosis. 8 As a detailed analysis of the epidemiological characteristics of the national burden of TB in children in Australia has not been published, we aimed to determine the incidence and epidemiology of TB in this population over the past decade.
Materials and methods
The notification of TB is mandatory in Australia, and all cases are reported to the National Notifiable Diseases Surveillance System (NNDSS), which coordinates national disease surveillance under the auspices of Communicable Diseases Network Australia (CDNA). 5 All medical professionals, laboratories and other health practitioners are required by state and territory public health legislation to notify cases of TB to the relevant health departments. Under the National Health Security Act 2007, which permits the exchange of health information between federal and state and territory health departments, deidentified data for TB cases that fulfil the national case definition are transferred to the NNDSS. 9 Data for all children aged 0e14 years diagnosed with TB and reported to the NNDSS between 1 January 2003 and 31 December 2012 were included in our analysis. De-identified data for age, sex, Indigenous status, country of birth, year of arrival, residency status, site of disease, case classification, method of case identification, risk factors, laboratory results and treatment outcomes were provided. The definitions used by CDNA for TB case classification and treatment outcomes, as well as for residency and immigration status, are listed in Box 1.
Analysis was performed with Stata 9.0 (StataCorp). Proportions of categorical variables were compared using the Fisher exact test. Incidence rates and 95% confidence intervals were calculated. Notification rates were calculated using estimated resident population data from the Australian Bureau of Statistics, 10, 11 including population data for the Indigenous Australian population. 12, 13 National TB case load and rates were obtained from the online NNDSS application for generating summary data. 14 
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Approval for the investigation was granted by CDNA, and ethics approval was granted by the Design: A retrospective analysis of TB data from the National Notifiable Diseases Surveillance System (NNDSS) on TB in children (under 15 years of age) during the 10-year period, 2003e2012.
Results: TB notifications in Australia during the study period included 538 children (range, 37e66 cases per year), representing 4.6% of the total TB case load during the period (range, 3.8%e5.8% each year). Place of birth was recorded for 524 patients (97.4%); of these, 230 (43.9%) were born in Australia, 294 (56.1%) overseas. The average annual notification rate was 1.31 (95% CI, 1.20e1.43) cases per 100 000 child population. The rate was higher for overseas-born than for Australian-born children (9.57 [95% CI, 8.51e10 .73] v 0.61 [95% CI, 0.53e0.69] cases per 100 000 children. The overall rate was highest among those aged 0e4 years. The annual notification rate was three times higher for Indigenous children than for nonIndigenous Australian-born children. Of 427 patients (79.4% of total) for whom the method of case detection was recorded, 37.0% were detected by contact screening, 8.7% by post-arrival immigration screening, and 54.3% by passive case detection. Pulmonary TB was the most common diagnostic classification (64.7% of patients). The most common risk factors were close contact with a TB case and recent residence in a country with a high incidence of TB. Treatment outcomes were satisfactory; 89.4% of children had completed treatment or were cured.
Conclusions:
The burden of paediatric TB in Australia is low but has not changed over the past decade. The highest rates are among children born overseas, emphasising the important role of immigration screening as Australia aspires to eliminate TB.
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Results
A total of 538 cases of TB in children were notified in Australia between 2003 and 2012, representing 4.6% of the total case load for that period (Box 2). The average annual notification rate for children was 1.31 cases per 100 000 child population, ranging from 0.92 in 2003 to 1.65 per 100 000 children in 2006. These rates should be compared with overall case notification rates of 5.0 per 100 000 and 5.9 per 100 000 total population in 2003 and 2006 respectively. 14 Case classification was reported for 97.4% (524/538) of child notifications, and 97.7% of these (512/524) were new cases. Of the remaining 12 cases, seven relapsed after full treatment in Australia, two after partial treatment in Australia, and three after treatment overseas. The greatest number of notified cases were from Victoria, and the lowest from Tasmania; the notification rate was highest in the Northern Territory.
Distribution by age, sex and site of disease The age of the patient was reported in all notified cases. The average annual notification rates were significantly higher for those aged 0e4 years than for those aged 5e9 years (P ¼ 0.0004) or 10e14 years (P ¼ 0.03). Just over half the patients (51.7%, 278/538) were girls. The anatomical site of disease was recorded for 97.2% (523/538) of notified cases; pulmonary disease was the most frequently reported site in all age bands. Eight of the 13 patients with TB meningitis were less than 5 years old (Box 3).
Tuberculosis notifications by population subgroup Box 4 and Box 5 list the case numbers and annual case notification rates by place of birth. A country of birth was reported for 97.4% (524/538) of patients; of these, 44% (230/524) were born in Australia, including 37 Indigenous children (of whom 20 were notified in the NT). The annual notification rate among Australian-born children was higher for Indigenous than for non-Indigenous children (1.70 [95% CI, 1.20e2.34] v 0.56 [95% CI, 0.48e0.65] per 100 000 population).
Annual notification rates were significantly higher for overseas-born children than for Australian-born children (Box 4). Of the 294 notifications for children reported as born overseas, the highest number came from Papua New Guinea (64 patients) and the Sudan (59 patients) (Box 5). Data on the year of arrival were available for 97.6% of the patients reported as born overseas (287/294); 40.4% (119/294) of these cases were notified within a year of their arrival in Australia, 65.6% within 2 years, and 85.0% within 5 years (Box 6). Residency status was available for 77.8% (229/294) of the overseas-born children: 36% (83/229) had refugee or humanitarian status, 35% (81/229) were permanent residents, and 20% (46/229) were children diagnosed while accessing health care treatment in the Torres Strait Treaty Zone. Eight of the remaining 19 children were visitors, four were unauthorised arrivals, one was an overseas student, and six were classified as "other" (with no further information). 
Case detection and prevalence of known risk factors

Treatment outcomes
Treatment outcome was classified as either "cured" or "successfully completed treatment" for 89.4% (481/538) of children; seven were still undergoing treatment, while 23 had transferred out of Australia or were not followed up at the end of the data collection period (Box 4). Five children died of TB, one an Australian-born Indigenous child with fully drug-sensitive TB. The other four deaths were of children from Papua New Guinea with smear-positive pulmonary TB, three of whom had additional sites of disease (meningeal, peritoneal and disseminated TB). One was a relapsed case of MDR-TB, while the others were new cases with fully drug-susceptible TB. Of the 46 children with TB treated under the Torres Strait Treaty, 27 (59%) were cured or had completed treatment, 13 (28%) returned to Papua New Guinea with an unknown outcome, and three (7%) had died; one defaulted from treatment, one was not followed up, and one was still being treated.
Discussion
This study provides original, comprehensive and recent data on the epidemiological and clinical characteristics of TB in children in Australia. Paediatric cases of TB accounted for 5% of the total national TB case load, a finding similar to those of recent reports from other low-incidence settings. [15] [16] [17] National rates of TB in children in Australia have not changed markedly over the past 10 years, consistent with the stable rate for the overall population. 18 Our findings suggest that recent immigration has had a greater influence on the burden of TB in children than transmission within Australia. In most cases (56%), the reported country of birth was outside Australia, and this proportion was higher than the corresponding figures for New Zealand, the United States and western Europe, where 26%e31% of patients with TB were born outside the respective country. 16, 17, 19 The notification rate of 9.57 per 100 000 overseas-born children per year is lower than the rate of 35e37 per 100 000 overseasborn children reported for the United Kingdom (1999e2006) and the Netherlands (1993e2012). 15, 20 This difference may reflect the fact that there was no pre-migration screening in those countries during the reported periods, so that all cases were detected and notified after arrival.
Despite the strong link with recent immigration that we found, only a minority of children with TB (8.7%) were detected by specific onshore post-arrival immigration screening. Passive case detection identified most cases, including the overseasborn children who were typically 21 or that most overseas-born children with TB did not have active disease at the time of their initial screening. This suggests that there is potentially a role for preventive therapy in immigrant children from high-incidence countries with latent TB infection (LTBI), which could be supported by introducing improved pre-migration screening of younger children. A chest x-ray is performed on all applicants for a permanent or provisional visa for Australia aged 11 years and over; in younger applicants, a chest x-ray is performed only when there is a history of contact with TB or if clinically indicated by symptom screening. 22 The case detection rate by immigration screening in Australia is higher in adult than in child immigrants. 23 The lower detection rate for children probably reflects the epidemiology of TB, although it may also indicate an inadequate pre-migration screening process that is based largely on physical examination. The US has recently enhanced pre-migration screening of children aged 2e14 years in countries where the WHO estimates that TB incidence is at least 20 cases per 100 000 persons by including screening for LTBI; this involves a tuberculin skin test or interferon-g release assay, which, if positive, is followed by a chest x-ray. 24 Current opportunities for prevention that are supported by our findings include contact investigations. While BCG status was not reported for the cases we analysed, BCG vaccination of young children before they travel for extended periods to high-incidence countries could play a greater role. 15, 19, 25 Opportunities for prevention in at-risk children are often missed. 15 The higher notification rate for Indigenous than for non-Indigenous Australian-born children is similar to the pattern reported for the general population. 6, 26 In New Zealand, higher rates of TB were found in children of Pacific Island and Maori background than for other locally born children. 19 An active program for diagnosing and treating LTBI in Indigenous people by contact, community, school and prison screening is one strategy used in some areas to better prevent and to ultimately eliminate TB. 27 The complex nature of TB in Indigenous Australians has been discussed elsewhere. 28 A large number of TB notifications were of children with refugee or humanitarian status or who used Australian medical care under the Torres Strait Treaty. It is recommended that all refugees, including children, be screened for LTBI and then referred to local TB services if a positive culture is obtained. 29 This provides an opportunity for treating LTBI in refugee groups. The access of Papua New Guinea nationals, including children, to medical services in the Torres Strait Treaty Zone has recently become a major political and clinical management problem because of the high prevalence of MDR-TB in this population. 30 The strengths of our study include the fact that we ascertained cases from a national notifiable disease register containing data from all Australian jurisdictions. There are, however, potential limitations. Although we did not formally validate the recorded data, discrepancies were noted, suggesting that incorrect information may have been entered. Data were incomplete for some important variables, including the method of case detection and whether HIV testing was undertaken. The case detection method was unknown for 20% of cases, but recognition of TB in children is an important sentinel indicator of recent transmission. 4 Further, it is not known whether the data on specimen submission for laboratorybased diagnosis were complete. Laboratory confirmation and drug susceptibility testing are important indicators of diagnostic accuracy, and epidemiological trends, including those for MDR-TB, also have implications for clinical management. Finally, while all Australian jurisdictions were included in our study, it has been shown in the UK that TB in children can be both under-and over-reported. 31 This facet of the problem has not been assessed in Australia.
In conclusion, there is a low burden of paediatric TB in Australia, but the rate has not changed over the past decade. The highest rates are among children born overseas, emphasising the potential value of broadening pre-migration screening to further reduce the burden of TB in children in Australia.
